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We have developed a high-speed, line-scanning hyperspectral microscope
(HSM) capable of acquiring 30 frames per second with 128 spectral channels
per spatial pixel. The HSM allows simultaneous single particle tracking
(SPT) of up to eight spectrally distinct quantum dots (QDs), improving the use-
able labeling density in SPT by nearly an order of magnitude as compared to
single-color SPT. In addition, HSM imaging allows the spectral uniqueness
of QDs within the same spectral family to be used for resolving ambiguities
in trajectory reconstruction.
We describe our physical instrument as well as the required analysis for hyper-
spectral SPT of multi-color QDs. Our analysis extends multi-emitter fitting pre-
viously developed in our lab for accurate localization of single fluorophores at
higher density [Huang, F. et al., Biomed Opt Express 2011;2(5):1377] to three
dimensions (x, y, lambda). Using a finite pixel 3D Gaussian estimate for their
combined point spread function and spectral features, simultaneous spatial lo-
calization and spectral identification of QDs is achieved. The algorithm is im-
plemented in CUDA to take advantage of parallel processing of GPUs.
Trajectories are constructed with spatial and spectral localization information
using a cost matrix approach for global optimization. Finally, squared displace-
ments from single particle trajectories are used to build viscosity maps of the
plasma membrane.
We demonstrate high-density SPT by performing viscosity mapping of the
plasma membrane, which provides important spatial and temporal information
about local membrane effects on receptor mobility. We have applied HSM vis-
cosity mapping to investigate the influence of the membrane environment on
QD-IgE bound to FcεRI. Changes in mobility and confinement of FcεRI due
to receptor crosslinking (receptor aggregation and signal initiation),
latrunculin-beta treatment (induces actin depolymerization), and PMA treat-
ment (induces actin polymerization) are examined.2953-Pos Board B723
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Zero-mode waveguides (ZMWs) are hollow, metal apertures that are substan-
tially smaller than the wavelength of light typically used in fluorescence spec-
troscopy. Consequently, ZMWs restrict excitation illumination to sub-
diffraction limited (zeptoliter-scale) volumes. Such small confinement volumes
enable single molecule detection at micromolar concentrations of
fluorescently-labeled target molecules, and hence offer a powerful tool for sin-
gle molecule observations under near-physiological conditions. The primary
limitation to the widespread use of ZMWs in modern biological laboratories
is that well-defined nanoapertures currently require expensive fabrication
methods to produce. Here, we present a novel method to create ZMWs that em-
ploys conventional, low-cost, wafer-level fabrication techniques. We first use
conventional photolithography to pattern larger, microapertures (800-1000
nm diameter) into a gold film covering a glass microscope slide. The microa-
pertures are then subjected to metal electrodeposition, where the metal-of-
interest is plated onto all accessible metal surfaces. Consequently, the diameter
of the nanoaperture array can be controlled by simply varying the electrodepo-
sition time. As a proof-of-principle demonstration of the fabrication method,
we fabricated waveguide arrays (300 mm x 300 mm) onto standard microscope
cover glasses with diameters ranging from 70520 nm to 1000517 nm
(mean5std, as determined by SEM). To determine the attenuation of the exci-
tation light within the ZMWs we characterized the fluorescence emission as
a function of diameter (D) and found that it is proportional to D3.4 in the
zero-mode regime (where no modes can propagate), D2.35 in the transition re-
gime (modes increasingly propagate as a function of diameter), and D~2 in the
super-wavelength regime (all modes exist). In addition, we have directly ob-
served the diffusion of single molecules at a solution concentration of 1 mM.
These results demonstrate that our fabrication method can produce usable
waveguide geometries using low-cost processing techniques.2954-Pos Board B724
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A major hurdle for single-molecule fluorescence imaging has been the lack of
a general method for labeling a protein with a single fluorophore at high effi-
ciency, specificity and speed. Limitations of existing techniques have prevented
researchers from studying many important proteins at the ensemble and single-
molecule levels. By incorporating an aldehyde motif genetically into proteins
and improving the labeling kinetics significantly under physiologically relevant
conditions, we achieve fast labeling of these proteins with ~100% efficiency at
one location while maintaining their biological function. We then demonstrate
that an unpurified protein in cell extracts can be labeled efficiently and specif-
ically using our method and used for single-molecule pull-down analysis. We
further show the applicability of our method in a series of studies on the tran-
sient interactions and switching between DNA polymerases, which was not
possible with the techniques previously available.Micro & Nanotechnology: Nanopores II
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Structural transitions appear everywhere: proteins fold, nanotubes collapse,
DNA denatures, ice melts, and so on. In biology, these transitions play a role
in processes such as transcription and also determine protein function. Yet,
at the same time, they give examples of highly nonlinear processes that are
challenging to model and understand. I will discuss one such transition - the de-
naturation of DNA, where its double stranded form unravels into two single
strands. There are many models that can describe certain aspects of this transi-
tion equally well, such as the fraction of bound base pairs versus temperature. I
will show, however, that two well-knownmodels yield drastically different pre-
dictions for thermal transport. The latter can then be used to ‘‘peek inside’’
DNA and understand what is happening during the denaturation transition.
Thus, on the one hand, thermal transport gives a method to probe structural
transitions in biological molecules and other materials. On the other hand, mo-
lecular systems and materials with nonlinear structural transitions also give op-
portunities for developing novel thermal devices.
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Ion channels are involved into a large amount of processes of the cell life, reg-
ulating ion exchange between intra and extra cellular environment. Several dis-
eases are affected by unregulated protein behavior and the possibility to test
target drugs with single ion channels will open new approaches for the drug dis-
covery and screening. This could be accomplished by testing single ion chan-
nels into artificial lipid membranes arrays.
Currently, it is possible tomonitor ionic current flowing through ion channels em-
bedded into BLMs, cells or giant lipid vesicles, by characterizing the electrical
transmembrane protein behaviour using laboratory techniques and low noise
equipment for signal acquisition. State-of-the-art equipments offer high precision
recording amplifiers that are able to sense single ion channels. However, these
techniques require sophisticatedmanual skills. On the other hand,HighThrough-
put Screening systems require high data volumes implemented with automatic
procedures. At the moment, they are available only for patch-clamp techniques.
We present a multichannel electrophysiology system for single ion channel re-
cording, based on a modular system embedded into a hybrid architecture that is
able to record single ion channels on an arbitrary number of spots. The system
is composed of:
 an array of disposable microfluidic chambers with embedded Silver/Silver-
Chloride electrodes, for manual or automatic formation of BLMs to host single
ion channel experiments, tightly interfaced with low noise electronics front-end;
 an array of low noise integrated microelectronic interfaces for signal ampli-
fication and analog to digital conversion;
